This study was conducted to assess the potential of six fibrous agricultural residues, namely, oil palm empty fruit bunch fiber (OPEFBF), coconut coir fiber (CCF), pineapple peel (PP), pineapple crown leaves (PCL), kenaf bast fiber (KBF), and kenaf core fiber (KCF), as a source of ferulic acid and phenolic compounds for bioconversion into vanillic acid. The raw samples were pretreated with organosolv (NaOH-glycerol) and alkaline treatment (NaOH), to produce phenol-rich black liquor. The finding showed that the highest amount of phenolic compounds and ferulic acid was produced from CCF and PP, respectively. This study also found that organosolv treatment was the superior method for phenolic compound extraction, whereas alkaline treatment was the selective method for lignin extraction. Vanillic acid production by Aspergillus niger I-1472 was only observed when the fermentation broth was fed with liquors from PP and PCL, possibly due to the higher levels of ferulic acid in those samples.
Introduction
Lignocellulose feedstock has been recognized as the most promising material for renewable energy and biobased products. It is the most abundant renewable resource on earth, with a yearly production of approximately 200 × 10 9 tons, and only 3% is used for nonfood industries such as the paper and pulp industries. In Malaysia, oil palm industry is the most important income generator. However, it also generates the largest portion of the total lignocellulosic waste in the country. Apart from oil palm, the agricultural sector also produces significant amount of lignocellulose waste from rubber, paddy straw, rice husk, banana stem, sugarcane bagasse, coconut husk, and pineapple residues [1] .
Utilization of lignocellulosic polymer from crop residues will reduce the environmental impact and add extra revenue to the agriculture sector after conversion into biofuel and biorefinery [2] . To enhance the biomass utilization, various pretreatment methods on oil palm fibers have been investigated to produce black liquor and cellulosic fibers for enhanced sugar production [3, 4] . Black liquor is a complex aqueous solution comprised of organic materials such as lignin fragments, polysaccharide fragments, lignindegradation products, polysaccharide-degradation products, low molecular mass resinous compounds, and inorganic compounds, mainly soluble salt ions [5] . Alkaline treatment is the most common technique to release phenolic acids from the lignin-carbohydrate complex [6, 7] . Among the phenolic compounds identified from lignin extraction from lignocellulose, ferulic acid has gained the greatest interest, as US and European legislation permitted the labeling of biotechnologically produced vanillin from ferulic acid as a natural product. Ferulic acid has been shown to be the precursor of vanillin production through a fermentation process [7, 8] . Vanillin is the most important and widely used flavor in the food industry [9] . Structurally, ferulic acid functions as a cross-linking bridge between lignin and polysaccharides, particularly in hemicellulose, via ester and ether bonds, forming lignin/phenolic-carbohydrates complexes in lignocellulosic residues [6, 10] . Thus, the liberation of ferulic acid is 2 International Journal of Polymer Science dependent on the cleavage of ester and ether bonds between lignin and carbohydrate [11] . Therefore, for the production of natural vanillin, the potential of an agricultural residue as a source of ferulic acid is related to the content and structure of hemicellulose and lignin.
Filamentous fungi, especially white-rot basidiomycetes, have been reported to metabolize ferulic acid into vanillic acid and vanillin. However, this reaction always yielded a small quantity of vanillin due to the formation of methoxyhydroquinone and vanillyl alcohol. Therefore, the two-step bioconversion of ferulic acid into vanillin was proposed, whereby Aspergillus niger will convert ferulic acid into vanillic acid, which will then be transformed into vanillin by Pycnoporus cinnabarinus [9] . Vanillic acid can be used as the precursor for vanilla production as well as other important industrial derivatives, such as 5-nitrovanillic acid and 5-aminovanillic acid, for antibacterial applications [12] .
In this study, the fibrous biomass from pineapple (Ananas comosus var Morris), oil palm (Elaeis guineensis), coconut (Cocos nucifera), and kenaf (Hibiscus cannabinus) was used as the raw materials for the production of phenolic compounds, particularly ferulic acid. The composition of black liquors produced using two different methods, alkaline treatment (sodium hydroxide) and alkaline aqueous organosolv treatment (aqueous alkaline glycerol), was studied. The suitability of these methods was compared based on the total phenolic compounds, the extent of delignification, and ferulic acid content derived. The fermentability of the resultant black liquor was tested using Aspergillus niger I-1472. The potential of agricultural residues as a source of ferulic acid was evaluated based on the vanillic acid yield from A. niger fermentation.
Materials and Methods

Materials
2.1.1. Raw Materials. Fresh, ripe pineapple was purchased from the local market in Kajang, Selangor. The fibrous residues of pineapple were the peel (PP) and crown leaves (PCL). Fresh PP and PCL were oven-dried at 105 ∘ C until a constant weight was reached (moisture ∼5-8%). Oil palm empty fruit bunch fiber (EFBF) was obtained from the Sime Darby Plantation Ltd. Fresh EFBF was washed and sun-dried until the moisture content was ∼10-11%. Coconut coir fiber (CCF) was obtained from freshly plucked coconut at Kg. Sungai Tangkas, Selangor. The fresh CCF was sun-dried until the moisture content reached ∼9-10%. Kenaf bast fiber (KBF) and kenaf core fiber (KCF) were obtained from the Malaysian Kenaf and Tobacco Board. Kenaf was crushed and separated to obtain KBF and KCF. All samples were cut into sizes of 5-8 cm. All six samples were stored in sealed plastic bags at ∼4 ∘ C until used for experiments. Compositional analyses of all samples were determined according to a modified NREL (National Renewable Energy Laboratory) standard method (described in Section 2.2.1). [13] [14] [15] . The moisture content was determined by heating the samples in an oven at 105 ∘ C until a constant weight was achieved, whereas the ash content analysis was conducted using a furnace at 575 ∘ C for 18 hours. The total extractive content of the biomass was determined by refluxing the samples with distilled water for 12 hours, followed with 95% ethanol for 12 hours in a Soxhlet extractor. Extractive-free samples were hydrolyzed with 72% sulfuric acid at 30 ∘ C for 1 hour, followed by hydrolysis with 4% sulfuric acid at 120 ∘ C for 1 hour. Total carbohydrate content was determined based on total sugar content in the hydrolysate. The total sugar content was quantified using high performance liquid chromatography (HPLC) equipped with an evaporative light scattering detector (ELSD) (Waters, Milford, USA). The HPLC column used was a TSKgel NH2-100, 3 m (TOSOH, Japan), and the samples were eluted with a mobile phase comprised of HPLC grade acetonitrile and deionized water (ratio 80 : 20) at a flow rate of 1 mL min −1 . The mobile phase was filtered with a 47 mm nylon membrane with a pore size of 0.45 m and degassed. All of the standards and samples were filtered through 0.22 m nylon membrane prior to analysis. The standards used for sugar qualitative and quantitative analysis were glucose, xylose, and cellobiose (Sigma Aldrich, USA). Sugar analysis was conducted with an injection volume of 20 L, and data acquisition was performed with Breeze software (Waters, Milford, USA). Filtration of the hydrolysate in a vacuum resulted in the collection of the insoluble residue. The acid insoluble residue was regarded as acid insoluble lignin. Soluble lignin analysis was determined spectrophotometrically at 205 nm using a spectrophotometer (Thermo-Spectronic) with a quartz cuvette.
Preparation of Black
Liquor. Black liquor was produced using alkaline and organosolv treatments on the biomass. Alkaline treatment was conducted using 250 mL 50 g L −1 sodium hydroxide, whereas organosolv treatment was conducted using a 250 mL mixture of 50 g L −1 sodium hydroxide and 1.217 g mL −1 aqueous glycerol at a ratio of 44 : 56. For PP, PCL, and KCF, the treatments were conducted at 4% total International Journal of Polymer Science 3 solid, whereas, for EFBF, CCF, and KBF, treatments were conducted at 2% total solid. Lower solid loading (2%) was chosen for the experiments on EFBF, CCF, and KBF because there were experimental limitations for high solid loading (4%). The 2% and 4% solid loading were the maximum sample load in the current experiment setting for EFBF, CCF, and KBF and PP, PCL, and KCF, respectively. At such experiment setting, the treatment solvent was at the level of coverage just above the substrates. Treatment of these lignocellulosic biomasses was performed using a 500 mL Erlenmeyer flask at 120 ∘ C (autoclave) for 1 hour. After treatment, black liquor was separated from the treated biomasses by vacuum filtration. All experiments were performed in triplicate.
Chemical Analysis
(a) Total Soluble Lignin Analysis. The collected black liquor was diluted until the absorbance at 205 nm fell between 0.2 and 0.7 [16] . The absorbance of black liquor was determined using a UV-Vis spectrophotometer Thermo-Spectronic (Thermo Fisher Scientific Inc., Massachusetts) using a quartz cuvette. The amount of total soluble lignin in the black liquor from different biomass samples was calculated as follows:
where abs 205 nm is the absorbance at wavelength 205 nm, DF is the dilution factor, Total is the total volume of hydrolysate, is the cell path length (1 cm), is the absorptivity (110 mg mL
, and Wt sample is the sample weight (dry basis). Previously reported studies showed that lignin measurements were conducted at a wavelength of 280 nm [17] , but our own preliminary experiments using UV-Vis spectrum scanning on alkali Kraft lignin (Sigma Aldrich, USA) in the range of 200 to 350 nm showed that the maximum absorbance of lignin was at a wavelength between 205 nm and 280 nm. The same UV-Vis spectrum scanning range was also performed on both furfural and hydroxymethylfurfural, which are the most common carbohydrate degradation products from black liquor. The results showed that both of these compounds possess a maximum absorbance at 280 nm (data not shown). To avoid interference from these carbohydrate-degraded compounds, soluble lignin measurements at 205 nm were assessed in this study.
(b) Ferulic Acid Analysis. The pH of the collected black liquor was adjusted to 2.0 using concentrated sulfuric acid. Soluble lignin was precipitated under acidic conditions [18] . The lignin precipitate was separated by centrifugation at 3500 rpm (2000 ×g) for 5 min. Subsequently, the supernatant was collected and neutralized to pH 5-6 using calcium carbonate powder prior to ferulic acid content analysis. This supernatant at pH 5-6 was also used as the feeding substrate during fermentation by A. niger.
The ferulic acid content analysis was performed by HPLC equipped with an ultraviolet detector at a wavelength of 280 nm (Waters, Milford, USA). A 250 × 4.6 mm HPLC column Purospher STAR RP-18e (Merck, Germany) with a 5 m particle size was used, and the sample was eluted using 0.1% acetic acid (solvent A) and methanol (solvent B 
(c) Total Phenolic Compound and Total Nonferulate Phenolic
Compound (NFPC) Analysis. The neutralized soluble ligninfree liquor was used for total phenolic compound analysis. Total phenolic compounds were determined using the FolinCiocalteu method [19] . Approximately 0.5 mL 0.2 N FolinCiocalteu was added to a 0.1 mL sample aliquot. After 5 min at room temperature, approximately 0.4 mL 75 g L −1 sodium carbonate solution was added, and the mixture was brought to a volume of 5 mL using distilled water. The solution mixture was incubated at room temperature in the dark for 2 hours. The absorbance of the mixture was determined spectrophotometrically at a wavelength of 760 nm using a VERSAmax ELISA microplate reader equipped with SOFTmax Pro (Molecular Devices, USA) software. The total phenolic compounds in black liquor were quantified based on the constructed calibration curve using gallic acid as reference. The concentration of total phenolic compounds was expressed as milligrams of gallic acid equivalent per milliliters of liquor.
The total nonferulate phenolic compound (NFPC) content was defined as the total phenolic compounds present in the lignin-free liquor (excluding ferulic acid). Total NFPC was determined as gallic acid equivalents by subtracting the amount of ferulic acid from the total phenolic content. The amount of ferulic acid, as gallic acid equivalents, was determined by preparing a concentration series of ferulic acid and quantified spectrophotometrically based on the constructed calibration curve using gallic acid as a reference. A linear graph describing the relationship between actual ferulic acid content and the ferulic acid content as a gallic acid equivalent was constructed. The amount of ferulic acid present in liquor, which was determined using HPLC, was converted into unit milligram of gallic acid equivalent per milliliter of liquor using the constructed linear graph.
Fermentation.
The fermentability of the lignin-free liquors from different agricultural residues was evaluated using Aspergillus niger I-1472. A. niger I-1472 was grown on malt extract agar (20 g L −1 malt extract and 15 g L −1 agar) at 30 ∘ C, and the spores were harvested after one week of growth. Approximately 1% of the spore suspension (spore concentration of 10 6 -10 7 cfu mL −1 ) was inoculated into 30 mL basal calcium chloride. A. niger I-1472 was incubated at 30 ∘ C for three days at 180 rpm. After being autoclaved at 121 ∘ C for 15 min, approximately 0.5 mL of 1 g L −1 ferulic acid solution (for experiment control) or lignocellulosic hydrolysate was added daily into the fermentation medium separately starting on day 3 and continued until day 6. Fermentation was terminated on day 7 by separating the cell pellets from the medium. The collected cell pellets were oven-dried at 105 ∘ C to determine the dried cell weight [20] . Vanillic acid and ferulic acid content in the medium were determined using HPLC following the protocol as described in Section 2.2.3(b).
Results and Discussion
Compositional Analysis of Different Agricultural Biomasses.
The potential of an agricultural residual as a feedstock for biorefinery processes was initially predicted based on chemical composition. Therefore, compositional analysis of the six different biomasses used in this study was performed prior to any chemical treatment. Table 1 depicts the results of the compositional analysis of the different biomasses. CCF contained the highest levels of Klason lignin (42.67 ± 0.47%), as previously reported by [21] . As lignin is a good source of phenolic compounds, the results suggested that CCF might be the best source of phenolic compounds among the tested biomasses. In addition to lignin, the results also showed that EFBF and KBF were the reliable sources of sugars (total sugars > 50%), and KBF was also a good source of glucose.
Efficiency of Alkaline Treatment and Organosolv
Treatment on Delignification. In this study, the extent of delignification of six different agricultural residues by treatment with 50 g L −1 sodium hydroxide and organosolv (mixture of 50 g L −1 sodium hydroxide and 1.217 g mL −1 aqueous glycerol) was evaluated based on the total soluble lignin content in the produced black liquor. Table 2 depicts that alkaline treatment with 50 g L −1 sodium hydroxide extracted more lignin into black liquor than organosolv treatment. This finding suggested that the extent of delignification was the highest during alkaline treatment. Thus, this treatment was initially proposed as the best treatment for the recovery of lignin and phenolic compounds from the studied biomasses. During alkaline treatment, it is possible that hydroxide anions cleaved the -and -aryl ether bonds in lignin, causing the polymer to fragment into smaller water/alkaline-soluble fragments. The lignin fragmentation process continued with the cleavage of linkages holding the phenylpropane units and generated additional free phenolic hydroxyl groups. The presence of these hydroxyl groups increased the hydrophilicity of lignin and its fragments. As a result, solubility of the lignin fragments in black liquor increased during alkaline treatment [22] . However, in the organosolv treatment, lignin tends to solubilize in the organic phase. As reported by [23] , delignification using a mixture of aqueous-organic solvents will effectively separate lignocellulose into three main fractions that include hemicellulose soluble in the aqueous phase, lignin, International Journal of Polymer Science 5 which is soluble in the organic phase, and cellulose, which will remain intact as a solid. A study by [24] showed that glycerol acted more selectively on lignin, and lignin solubilization was proportional to glycerol concentration. However, lignin solubilization was also reported by [24] to be affected by the chemical used in assisting aqueous glycerol treatment. At higher glycerol concentration, an acid-catalyzed treatment was reported to contribute to higher lignin solubilization compared to alkaline-catalyzed treatment. Therefore, the improved performance of alkaline treatment compared to organosolv treatment in delignification obtained in this study is reasonable. The results in Table 2 also showed that the highest amount of lignin was extracted from CCF compared to the other tested biomasses. Therefore, CCF was proven to be a good source of the lignin polymer. This finding is expected because, from this study, CCF had been found to contain large quantities of lignin content (42.67 ± 0.47%). For an optimum biorefinery process, all three main components from lignocellulose, namely, cellulose, hemicellulose, and lignin, must be recovered. Many studies have focused on technology to maximize the sugar recovery from cellulose and hemicellulose [25, 26] , but less attention has been paid to the recovery of lignin and other phenolic compounds from black liquor. As reported by [5] , lignin and carbohydrate molecular conformation can be affected by the pH environment of black liquor. At high alkalinity, phenol groups are ionized, and lignin molecules become soluble to form compact and spherical structures. As the pH decreased, lignin molecules start to dissociate, forming shapeless and voluminous structures. Therefore, in an acidic environment, lignin precipitation was observed [18] . The successful separation of lignin precipitate from black liquor will produce clear brownish liquor containing mainly carbohydrate fragments and phenolic compounds. Following the recovery of ligninfree liquor, the total phenolic content, specifically the ferulic acid content, was studied. Additionally, studies on recovered lignin fragments must be conducted for the exploitation of more phenolic compounds in future research.
Ferulic Acid in Lignin-Free Liquor from Alkaline and
Organosolv Treatment. The ferulic acid yield from different biomasses after alkaline and organosolv treatment is depicted in Table 3 . The ferulic acid yield from alkaline treatment was not significantly different ( < 0.05) from organosolv treatment. The liberation of ferulic acid from the lignin/phenolic-carbohydrate complex is dependent on the cleavage of ester bonds and ether bonds in the complex. Ester bonds linking ferulic acid to hemicellulose can be easily cleaved in alkaline conditions [11] . Because both treatments were performed under alkaline conditions, the intensity of ferulic acid liberation from the lignin/phenolic-hemicellulose structure was similar. As reported in study [26] , aqueous glycerol treatment at 120 ∘ C without alkali catalyst does not exert any significant effect on EFBF. Similarly, results reported in this study showed that, even with the presence of alkaline, organosolv treatment at low temperature (120 ∘ C) is still unable to improve the ferulic acid yield. The results suggested that the presence of glycerol did not have any significant effect on the release of ferulic acid at lower treatment temperature. Furthermore, PP was the best source of ferulic acid (5.72 ± 0.22 mg g −1 PP), followed by PCL (3.10 ± 0.42 mg g −1 PCL). According to [27] , ferulic acid was found to be the most abundant hydroxycinnamic acid in the pineapple cell wall, where it was esterified to hemicellulose, similar to the other herbaceous crops. Thus, from the current samples, PP was the most promising agricultural residue as a ferulic acid source.
Efficiency of Alkaline and Organosolv Treatment for Total Phenolic Compounds Extraction.
Lignin is the main source of aromatic compounds from the fractionation of lignocellulose. Lignin extraction by different fractionation processes will yield lignin fragment with different physicochemical properties. Various phenolic compounds have been shown to form lignin-carbohydrate structures. The major phenolic compounds identified in the complex were cinnamic acids such as ferulic acid [6, 11] . As different linkages will be cleaved under different delignification environment, it was believed that phenolic compounds other than ferulic acid will also be liberated from the different treatments. Table 4 shows the content of total phenolic compounds and nonferulate phenolic compounds (NFPC) in lignin-free liquor after alkaline or organosolv treatment. The organosolv treatment was superior to alkaline treatment in the liberation of phenolic compounds from the lignin/phenolic-carbohydrate complex in the samples. As reported by [28] , organosolv methods Table 4 : Total nonferulate phenolic compounds (NFPC) and percentage of ferulic acid (FA) content in total phenolic compounds (TPC) in lignin-free liquor produced from six different biomasses through alkaline and organosolv treatment at 120 ∘ C for an hour ( = 3; < 0.05). give rise to the production of low molecular weight lignin with relatively high amounts of phenolic hydroxyl groups and oxidized groups. Thus, organosolv treatment was believed to be able to yield more free phenolic compounds from lignin fragmentation compared to alkaline treatment. Among the tested biomasses, it was found that the largest amounts of phenolic compounds (47.99 ± 4.13 mg gallic acid equivalent g −1 CCF) were successfully extracted from CCF. This result can be correlated with the amount of lignin contained in the CCF. According to [28] , coconut coir fiber was reported to be one of the natural fibers containing the highest lignin content (average of 46%). Results from the compositional analysis in this study also supported this finding, in which CCF was found to contain 42.67 ± 0.47% Klason lignin. Although organosolv treatment was more effective than alkaline treatment for the extraction of phenolic compounds, its performance in ferulic acid extraction from the samples (Table 3) was not significantly different ( < 0.05). Therefore, the percentage of ferulic acid in the total phenolic compounds from organosolv treatment was lower than that from alkaline treatment because the organosolv treatment yielded more nonferulate phenolic compounds. However, overall, the percentage of ferulic acid in the total phenolic compounds in the liquor from all tested samples was still considered low. These results suggested that the extent of ferulic acid liberation from lignin/phenolic-carbohydrate structures was lower than other phenolic compounds. As reported in the review by [11] , alkali cleaves the ester linkage and releases a small amount of ferulic acid from carbohydrates, although acid is expected to cleave the ether bonds between the ferulic acid and lignin. This explained why ferulic acid liberation in the alkaline treatments was low. Due to the high yield of nonferulate phenolic compounds in black liquor, the potential use of these phenolic compounds should be further explored, as previously published studies have shown the antioxidant properties of phenolic compounds present in black liquor obtained from different biomasses [29] .
Cell Growth and Vanillic Acid Yield from A. niger I-1472
Fermentation of Lignin-Free Liquor. Table 5 depicts the cell growth and vanillic acid production from the fermentation of lignin-free liquor by A. niger I-1472. The experimental blank showed that the fermentation medium used in this study supported A. niger growth at 9.13 ± 0.8 g dry cell L −1 . For the experimental control, which was fed 1 g L −1
ferulic acid solution, the production of 2.74 ± 0.28 mg L −1
vanillic acid was observed after the total feeding of 2 mg ferulic acid over seven days of fermentation. In addition, there was no residual ferulic acid in the control medium after fermentation. This finding suggested that A. niger completely utilized the ferulic acid provided. However, the utilization of ferulic acid did not contribute to additional cell growth. The results from dry cell weight analysis showed that there were no significant differences ( > 0.05) between cell growth in the blank medium and the control medium. Based on the results of the growth study (growth curve not shown), A. niger entered its stationary phase at day 4. In this study, vanillic acid was produced by A. niger after ferulic acid feeding before the stationary phase began (started at day 3). Therefore, vanillic acid production without extra cell growth in the control medium suggested that the conversion of ferulic acid into vanillic acid by A. niger occurred during the stationary phase. The molar conversion of ferulic acid into vanillic acid by A. niger under the fermentation conditions in this study was found to be approximately 4.75%. According to study [30] , molar conversion of ferulic acid into vanillic acid by A. niger under optimum fermentation condition achieved 88%. Our experiment control only achieved a lower conversion level compared to the previous reported study. In the reported study, a total of 1200 mg ferulic acid was fed to yield 920 mg vanillic acid. As the ferulic acid level in the liquor of biomasses was low, fermentation control of this study was also fed with lower amount of ferulic acid. Thus, lower amount of ferulic acid feeding was believed be the factor that contributes to the low molar conversion by A. niger. Among the produced liquors, it was found that only liquor produced from PP and PCL was able to undergo fermentation. The liquor from PP and PCL obtained by organosolv treatment produced approximately 1.21 ± 0.20 mg L and 0.82 ± 0.02 mg L −1 vanillic acid, respectively, whereas 1.05 ± 0.05 mg L −1 and 0.53 ± 0.11 mg L −1 vanillic acid were produced from PP and PCL liquor obtained by alkaline treatment, respectively. The failure of A. niger to convert ferulic acid into the liquors obtained from EFBF, CCF, KBF, and KCF might be due to the very low ferulic acid content within. Although the total phenolic compounds in the lignocellulosic liquor were high (as reported in Section 3.4), the liquors failed to support the growth of A. niger and subsequent conversion into vanillic acid. Ferulic acid conversion in liquors from PP and PCL was higher than the experimental control. Approximately 9.07% and 9.13% of molar conversion were observed for the fermentation of PP liquor obtained from organosolv treatment and alkaline treatment, respectively, whereas 11.67% and 7.69% of molar conversion were observed for the fermentation of PCL liquor obtained from organosolv treatment and alkaline treatment, respectively. A higher conversion rate of ferulic acid into vanillic acid by A. niger appeared to be associated with cell growth during fermentation. Cell growth was observed with the increased feeding of lignocellulosic liquor. This finding was supported by the results of total sugar analysis (data not shown), in which the presence of carbohydrates (total sugar content) in the liquor becomes the additional carbon source for A. niger growth. The results in Table 5 also showed that cell growth after the feeding of lignocellulosic liquors obtained from organosolv treatment was higher than feeding with liquors obtained from alkaline treatment. Increased cell growth after the feeding of glycerol-containing liquor was believed to be due to the ability of A. niger to utilize glycerol [31] .
Conclusion
Among the tested agricultural residues, it was found that PP was the best source of ferulic acid, whereas CCF was the best source of phenolic compounds. The data from this study also proved that alkaline treatment was more efficient than organosolv treatment in the delignification of lignocellulosic vanillic acid were produced from PP liquor after organosolv treatment or alkaline treatment, respectively, whereas 0.82 ± 0.02 mg L −1 and 0.53 ± 0.11 mg L −1 vanillic acid were produced from PCL liquor after organosolv treatment or alkaline treatment, respectively.
